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Introduction
The introduction of new antiretroviral (ARV) drug classes continues to improve the available options for patients on treatment making it easier for care providers to tailor treatments to a single patient. These developments have made it easier to achieve the goals of ARV treatment in many patients and thus improving overall survival and quality of life. Addition of new drug combinations and regimens is complemented by the patient's ability to adhere to prescribed treatment in the long term. Adherence has been identified as one of the most important factors in ensuring robust treatment outcomes in patients. Adherence to antiretroviral treatment has also been shown to be dependent on a number of factors like pill burden, existence of psychosocial support structure, the patient's readiness to start treatment, age [1] ; and possibly the most important factor of all the type and severity of adverse drug reactions experienced by the patient [2] [3] .
Ideally a patient on ARV treatment should be maintained on the first and initial treatment regimen for as long as possible. In many cases patients may change treatment combinations within a year of initiating therapy because of adverse drug reactions that warrant treatment change [4] . Virologic suppression by various nucleoside reverse transcriptase inhibitors (NRTI) containing drug regimens has been shown to be equal including rates of drug switching, however differences occurred in adverse drug reaction profiles of the NRTI drugs [4] . In resource limited countries the choice on NRTI drugs to initiate or maintain patients on is limited with most countries resorting to the use of stavudine (D4T), zidovudine (AZT) or tenofovir (TDF) as part of NRTI backbone.
So far only a few studies set in resource-poor-settings and using routine program data have compared TDF, d4T (30 mg), and AZT-based regimens maybe because data on TDF is limited particularly in sub-Saharan Africa where the drug has been in use for a short duration. In Zambia they compared single drug substitutions and composite mortality and loss-from-care endpoint and findings will be outlined below as with the other two. In Lesotho they assessed single drug substitutions and all-cause mortality. Bygrave and colleagues in South Africa using longer term data and including virologic response, and robust loss-from-care outcomes have compared on the following outcomes: single drug substitutions, HIV RNA suppression, CD4 count increase, loss-from care, and mortality [5] .
Tenofovir containing drug regimens in some cases showed better treatment outcomes and a favourable safety profile compared to stavudine and zidovudine [5] [6] . The relative safety of tenofovir as shown in clinical studies and its ability for sustained immune recovery has seen a lot of changes in treatment guidelines, with tenofovir being the N(t)RTI of choice [7] . Tenofovir generally has lower substitution rates compared to zidovudine and stavudine containing regimens [5] [8]- [10] . In spite of the evidence that currently exist that points to differences in efficacy and safety of NRTI's in management of HIV infection, a lot of countries do not have options for HIV patients. Most HIV infected patients in developing countries have either been on stavudine or zidovudine containing regimens before the introduction of tenofovir. New World Health Organization (WHO) recommendations to use tenofovir in favour of zidovudine or stavudine have been slowly implemented across Zimbabwe. Due to the changes in treatment guidelines patients are continuously being upgraded to new regimens. The main objective of this study was to determine the time to clinically significant adverse drug reactions in a cohort of treatment naïve patients on different N(t)RTI containing ARV regimens.
T. Mudzviti et al.

203
Methods
We carried out a retrospective analysis of a cohort of patients who were initiated on ARV treatment at Newlands Clinical in Harare, Zimbabwe. The clinic provides outpatient care and treatment to HIV infected patients from marginalized urban and peri-urban communities. Data were collected from patients who were initiated on ARV treatment from January 2009 to December 2012 and had been switched to another NRTI drug due to a clinically significant adverse drug reaction. The clinic uses an Electronic Medical Record Health System called ePOC (electronic point of care) enabling an integration of HIV and TB therapy. Time to event was considered to be the time a patient started taking treatment up to the time NRTI was substituted due to a clinically significant adverse reaction. Covariates that were collected included age, gender, level of education, employment status, date of HIV diagnosis, date of ARV treatment initiation. Statistical analysis was done using STATA Version 13, a total of 205 patient records were extracted for analysis during the period under review. Ethical approval for the study was provided by the Joint Research and Ethics Committee of the University of Zimbabwe (JREC/306/13).
Results
A study sample of 205 patient files is extracted from ePOC. The demographic characteristics of the study participants are shown in Table 1 .
The age range for the patients included in the study was 9 -76 with a mean of 41 years (s.d = 14.8). The majority of the participants were female and most participants were on a zidovudine containing regimen. The mean number of days before a clinically significant adverse drug reaction due to an N(t)RTI was lowest for stavudine (254 days), followed by zidovudine (388 days) and tenofovir (618 days). Table 2 shows that patients on stavudine had a lower survival time before a clinically significant ADR compared to tenofovir (−365 days, p-value < 0.0005). Patients on zidovudine also had a less time before a significant reaction compared to those on tenofovir (−230 days; p-value = 0.008). Patients on zidovudine fared better compared to those on stavudine (−134 days; p-value < 0.0005).
Patients on tenofovir had a longer survival time before a clinically significant adverse drug reaction followed by those on zidovudine; patients on stavudine had the lowest survival time ( Table 3) . 
Discussion
Our study showed that the type of NRTI agent used had an impact on the time to occurrence of an adverse effect. Figure 1 . Shows significant difference in survival probability between patients initiated on the three N(t)RTI's; stavudine, zidovudine, and tenofovir. The likelihood-ratio test statistic of homogeneity by N(t)RTI gave a chi-square test statistic {chi 2 (2) = 15.3, P-value = 0.0005}.
The results showed that a greater proportion of patients maintained tenofovir therapy for longer periods compared to zidovudine and stavudine respectively. The mean number of days before a clinically significant adverse drug reaction due to an N(t)RTI was lowest for stavudine (254 days), followed by zidovudine (388 days) and tenofovir (618 days). Bygrave and colleagues have also reported on outcomes and toxicities among patients on TDF, zidovudine, and d4T-based first-line ART in a routine treatment cohort in Lesotho [5] . Before the 2010 ART recommendations, only a few countries in Africa (Zambia, Namibia, Lesotho, and Botswana) had adopted TDF as part of the first line treatment regimen. Thus the researchers of this study noted a scarcity of reporting of outcomes on TDF compared with other regimens in low-resource settings. All adult patients initiating antiretroviral therapy from January 1, 2008, to December 31, 2008, were included in the analysis and followed until December 31, 2009. They reported that patients on zidovudine were more than twice as likely to experience a toxicity-driven regimen substitution compared with tenofovir (adjusted hazard ratio: 2.32, 95% confidence interval: 1.23 to 4.40); for patients on stavudine, the risk of a toxicity-driven regimen switch was almost 6 times higher than tenofovir (adjusted hazard ratio: 5.43, 95% confidence interval: 3.31 to 8.9. They concluded that a tenofovir-based first-line regimen is supportive of simplified care by reducing the rate of regimen substitutions Njuguna et al. in their study described incidence rates of drug substitutions and regimen switches due to virological failure among patients receiving regimens containing D4T, AZT or TDF in a large peri-urban area in Gugulethu, Cape Town, South Africa. They also sought to characterize the reasons and risk factors for ADRrelated drug substitutions. This retrospective cohort study included HIV positive, ART naïve adults aged >18 years. Follow-up was censored at first drug change and analysis focused on NRTI changes only. Results indicated that virologic suppression rates at 1 year, regimen switching due to virologic failure and overall losses to the programme were similar across the three groups. TDF had the lowest incidence rate of drug substitutions (2.6 per 100 person-years) compared to 17.9 for D4T and 8.5 per 100 person-years for AZT. ADRs accounted for the majority of drug substitutions of D4T. They concluded that regimen switches and virologic suppression were similar for patients exposed to TDF, D4T and AZT, suggesting that all regimens were equally effective. However, TDF was found to be better tolerated with a substantially lower rate of drug substitutions due to ADRs [11] .
In our study, the likelihood ratio test statistic of homogeneity yielded a chi square value of 15.28 and a p value of 0.00048053 which implies that the differences noted are significant; The lowess smoother curve demonstrated that stavudine had the most number of switches within the first 500 days of treatment. In the Kaplan Meir analyses tenofovir had the highest proportion of participants surviving at any given time followed by zidovudine and lastly stavudine. This supports what is already known in literature that a tenofovir based regimen performs better than AZT and D4T. An example of such a study which reported on this outcome is a study by Velen et al. [6] . Whilst Velen et al., looked at proportions of patients that developed adverse events as a result of an N(t)RTI, our study set to determine the duration that patients were maintained an a regimen until toxicities resulting in a switch emerged.
This study supports the continued expansion and roll out of tenofovir as the preferred first line N(t)RTI in the management of ART naïve patients. Just as well, when a patient eventually fails first-line ART, AZT is the NRTI of choice for patients initiating second line therapy. It is however important to note that in Zimbabwe the national guidelines still list D4T as a possible NRTI option for patients who have not been able to tolerate the other alternatives.
Conclusion
There was a statistically significant difference in the time to N(t)RTI switch as a result of adverse drug event.
Patients on TDF tolerated this medicine for longer when compared to patients on AZT whilst D4T was the NRTI which was tolerated for the shortest duration.
